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TITLE 

tCCRANICAL  AND  METALLURGICAL  FROFSRTIBS 
OF  CARBURIZED  6620H  STEEL 
FOR  ia4  RIF12  COMPONENTS 


ABSTOACT 

IlMhanleal  and  Mtallurgleal  taata  hava  baan  eonductad  to  aid  in  tha 
daaaloyant  of  i^^ovad  proeaaaaa  and  aatarlala  for  MLA  rlfla  bolta  and 
raealvara  idileh  ara  eurrantly  balng  aanufaeturad  froa  carburlaad  8620B 
raottlphurliad  ataal.  Tha  invaatlgatlon  ravaalad  tha  axtraaa  brlttlanaaa 
vhloh  can  occur  In  carburiaad  coaponanta,  af^acially  thoaa  having  aaall 
flUat  radii.  Thla  brlttlanaaa  la  aaaoclatad  particularly  with  hi^  eora 
hardnaaa  and  nonaartanaltlc  aieroatrueturaa  which  can  occur  In  AISI  6620H 
ataal  ovar  tha  allovabla  ranga  of  coapoaltlon.  Tha  atudy  daaonatrataa  tha 
laportanea  of  cloaa  control  ovar  tha  coapoaltlon  and  haat  traataant  of  thla 
aatarlal  and  tha  advantagaa  tram  a  parforaanoa  atandpolnt  of  aaplogrlng  a 
ataal  having  hl^iar  hardanhbility  and  lowar  cazbco  oontant.  Tha  atady  alao 
provldaa  an  avaluatlon  of  aavaral  laportant  varliblaa  i^on  fatlgua  propartiaa 
of  66908  ataal. 


INTOODUCTION 


Metallurgical  atudlea  are  being  conducted  to  aid  In  the  developnent  of 
disproved  processea  and  materiala  for  the  ML4  bolts  and  receivers  which  are 
currently  being  manufactured  from  carburleed  8620H  resulphurlsed  steel, 
nils  study  has  been  aimed  at  evaluating  the  mechanical  and  metallurgical 
properties  of  the  8620H  resulphurlsed  steel  as  related  to  its  use  in  the 
ML^  rifle  bolts  with  particular  enqphasls  on  the  problem  of  cracking  In  the 
locking  lug.  The  data  and  conclusions  contained  here  are  also  applicable 
to  the  receiver  on  the  same  weapon.  The  hlc^  s\u‘faee  hardness  haua  been 
aqpeclfled  to  provide  wear  resistance  and  minimise  deformation  under  con¬ 
centrated  loads  at  the  locking  lug  surfaces. 

During  service  testing,  and  also  es^erimental  woof  testing,  several 
bolts  failed  by  fracturing  In  the  locking  lug  fillet^  after  firing  a  rela> 
tlvely  small  nuadber  of  rounds.  Also,  a  large  nuisber  of  bolts  idilch  did 
not  fall  during  proof  firing  exhibited  cracks  In  this  critically  stressed 
area.  In  addition  to  the  bolt  problem  several  receivers  manufactured  from 
a  maverick  steel  (SAE  1330)  eidilblted  brittle  fracture  after  a  small  number 
of  rounds  were  fired  in  the  weapons. 

U!pon  consideration  of  the  types  of  failures  idilch  occurred.  It  was 
decided  that  both  Impact  properties  (or  notch  sensltlvl^)  and  fatigue  were 
Involved.  Consequently,  the  effects  of  heat  treating  variables  and  notch 
acuity  on  notched  bar  lapact  properties  and  rotating  beam  fatigue  properties 
were  assessed.  Since  carburised  steel  Is  a  complex  structure  Involving  a 
large  nuBd>er  of  varlid)les,  the  study  has  been  limited  mainly  to  the  variables 
observed  In  the  bolts  and  receivers  made  In  the  current  production  of  Nl4 
rifles. 


MAiroiAL  AND  PROCKSSIWQ 

All  materials  used  In  this  study  were  obtained  trcm  Springfield  Armory 
either  In  the  form  of  1$/16-1ih:1^  diameter  bar  stock  or  closed  die  bolt  forg¬ 
ings  (Figure  l).  A  cheiBleal  analysis  was  conducted  on  each  lot  of  material 
proeux^  from  the  Armory  and  these  analyses  are  presented  in  Table  I.  The 
materials  smloyed  ere  about  In  the  middle  of  the  cosqposltlon  range  for  the 
8620H  steel. 

All  cerburlsed  mechanical  test  specimens  used  In  this  study  were  machined 
at  Watertown  Arsenal  and  heat  treated  at  Springfield  Armory.  These  speelswns 
were  heat  treated  In  groips  ^dilch  consisted  of  Charpy  Ispaet  specimens, 
notched  and  unnotched  tensile  specimens  and  R.  R.  Moore  fatigue  ^>eeii  .u» 
with  some  groups  consisting  of  Chcurpy  Iqpact  or  fatigue  specimens  separately. 
The  standard  carburising  cycle  as  obtained  from  Springfield  Armory  consisted 
of: 


Carburise  1$80F  -  l>?/3  hours.  Oil  Quench 
Temper  375F  -  1  hour 
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Ihis  treatment  vae  ueed  on  the  majority  of  the  fatigue  qpeclmen  groupe  to 
determine  the  effect  of  notch  conflguratlona  u|)on  the  fatigue  properties  of 
this  carbTxriced  steel.  Other  heat  treatments  vere  employed  to  determine  the 
effect  of  quenching  severity  and  case  d^th. 


RISULTB  AMD  DI8CUS8I0IIB 

Althoui^  the  various  types  of  specimens  vere  grouped  for  heat  treat- 
nent|  the  subsequent  results  vlU  be  presented  according  to  the  type  of 
test  conducted.  Ihls  vlU  provide  an  opportunity  to  eiqplaln  the  factors  In¬ 
fluencing  toughness  and  fatigue  In  s^arate  discussions. 


The  toughness  of  steel  In  the  carburised  and  heat-treated  conditions, 
as  veil  as  after  a  mock  carburising  heat  t:^atment,  ves  measured  by  Gharpy 
lapaet  testa  and,  to  a  United  extent,  by  notched  tensile  tests.  Chexpy 
Impact  tests  have  been  vldely  used  and  accepted  as  a  measure  of  toui^mess 
In  homogeneous  steel  but  only  limited  Information  Is  available  on  the  Im¬ 
pact  properties  of  carburised  steel. 

Recent  studies*  by  C.  Veils  have  been  made  using  nltrlded  Charpy  Im¬ 
pact  specimens  to  separate  the  crack  initiation  energy  from  the  cra^  propn* 
gatlon  energy.  It  vas  suggested  by  these  results  that  the  energy  measured 
In  a  carburised  Charpy  specimen  Is  essentially  crack  propagation  energy. 

In  order  to  verify  this  concept,  three  series  of  Charpy  Impact  specimens 
(Series  A,  B  and  C,  heat  treated  as  Indicated  in  fsble  II)  veare  tested  in 
the  carburized  condition.  In  the  pre-cracked-carburised  condition,  and 
notched-after-carburlslng  condition. 

The  pre-cracking  vas  accomplished  by  standard  fatigue  procedures  pre¬ 
sently  being  used  at  Watertown  Arsenal  Laboratories*  In  each  test  series, 
the  energy  absorbed  from  the  pre-cracked  specimens  vas  essentially  the  same 
as  the  uxacracked*  carburised  specimens*  These  data  Indicate  that  the  energy 
to  Initiate  the  crack  In  the  carburised  Charpy  impact  qpeclmen  Is  very  low 
and  unmeasurable. ,  The  Charpy  Impact  specimens  that  vesre  notched  after  caiw 
burlsing  (thus  eliminating  the  cazhurised  notch)  Indicated  a  general  Increase 
In  energy  absorbed.  Thla  energy  la  asaoclated  vltb  crack  Initiation  of  the 
uncarburised  notches.  Ihese  data  are  presented  In  Tkble  III. 

A  variety  of  cazTmrlslng  end/or  heat-treating  cycles  vere  enployed  on 
nine  gromps  of  Charpy  Impact  specimens.  Half  of  the  specimens  In  each  group 
vere  notched  prior  to  heat  treatment  and  the  other  half  after  heat  treatsmat. 
The  results  of  these  testa  along  vlth  core  hardness  and  tensile  tests  are 
summarised  In  Table  IV.  The  mstallognphlc  data  pertinent  to  these  specimens 
are  presented  In  Table  V.  A  coagmurison  of  Charpy  Impact  values  obtained  at 
•4of  Indicated  that  specimens  notched  before  carburising  absorbed  only  2,5 
to  6  ft-lb  except  for  those  austenitised  In  neutral  salt  (mock  carburised) 
idilch  absorbed  oggyroxlmately  20  ft-lb.  The  speclawns  notched  after 


*Prlvate  cosiaunlcatlon 
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carburizing  absorbed  soaeidiat  more  energy  than  those  mentioned  previously. 

For  the  carburized  specimens  (notched  before  carbtirlzing),  there  vas  very 
little  variation  In  absorbed  energy  over  a  range  of  core  hardxiesses  (Rock¬ 
well  C  32  to  36),  carburizing  cycles  (1  hour  to  2-1/2  hours),  and  as  a  result 
of  delayed  quenching  (about  4$  percent  free  ferrite  In  the  core).  !Ehe  use 
of  a  water  qjueneh  to  obtain  a  hlg^  core  hardness  (Rockwell  C  45)  was  as¬ 
sociated  with  a  significantly  lower  absorbed  energy  than  that  of  the  other 
treatnents  when  apeclmena  were  zwtched  before  or  after  carburizing.  Ihere 
waa  considerable  variation  between  the  energies  absorbed  by  the  dtq>llbate 
specimens  In  the  room  teaqiMrature  tests  because  of  the  presence  of  lamina* 
tlons  which  have  a  pronounced  effect  oai  the  energy  In  these  longitudinal 
specimens.  Ihls  variability  also  tends  to  obscxire  the  effect  of  beat  treat¬ 
ing  variables  In  tests  conducted  at  room  tea^erature.  However,  the  room 
temperature  Impact  values  of  the  vater-qjuenehed  specimens  (Rockwell  C  45) 
were  very  low  In  comparison  with  the  specimens  qiuenched  In  oil  to  a  hardness 
of  less  than  Rockwell  C  4o. 

It  should  be  noted  that  almost  all  specimens  which  exhibited  fibrous 
fractures  possessed  lamlnatlona.  Ihese  laminations  are  attributed,  at  least 
In  part,  to  the  presence  of  sulphide  Inclusions  In  this  resulphurlzed  steel, 
laical  fracture  surfaces  of  Charpy  Isq^act  specimens  are  shown  In  Figure  2. 

It  should  be  eagthaalted  thal^  If  Charpy  impact  specimens  could  be  obtained 
transverse  to  the  major  working  direction  In  this  material,  even  lower  Iqm^t 
resistance  wuld  result  because  the  fracture  would  be  progressing  parallel  to 
the  laminations  and  not  across  them.  The  Charpy  impact  specimens.  Figure  2, 
do  not  display  the  laminations  at  -4of  because  the  material  deforms  so  little 
during  crack  propagation  at  thla  teat  temperature.  Ihe  mpeclmmn  groups  4,  5 
and  6  ware  machined  from  forged  bolts  (Figure  1),  but  Iheir  impact  resistance 
and  fracture  tpp»mrane0  were  essentially  the  same  as  the  speclmans  machined 
from  the  bar  stock  at  the  same  core  hardness  level. 

The  carburised  layer  on  the  Charpy  impact  specimens  Is  very  hard  and 
brittle,  thus  preventing  the  formation  of  the  shear  Ups  on  the  edge  of 
the  specimens  (Figure  2). 

Standard  0.357-incl>'Ai«Mter  tensile  and  notched  tensile  specimens  were 
heat  treated  with  the  first  nine  groups  of  Iqpact  gpeeimena,  and  these  data 
are  also  presented  in  Nhle  XV,  The  percent  elongation  was  measured  with 
pencil  scribed  marks  Instead  of  the  conventional  prick  punch  marks  because 
of  the  brittleness  and  notch  sensitivity  associated  with  carburised  surfaces. 

An  evaluation  of  the  notched  tensile  strength  data  Is  obtained  by  using 
the  notched^uinotched  tensile  ratio.  This  "notch- strength  ratio"  Is  larger 
than  unity  (ipproxlmately  1.5)*  for  notct^  insensitive  materials  by  an  amount 
which  depends  upon  notch  contour,  and  Is  unity  or  less  for  notcl>>  sensitive 
materials.  The  uncafburlsed  Q)eclmens  esdilblted  a  notch- strength  ratio  of 
1.74  and  the  carburised  specimens  indicate  ratioa  between  0.66  to  l.U  depend¬ 
ing  upon  core  hardness  level.  The  waters  qiuenched  specimens,  having  a  core 
hardness  level  of  Rockwell  C  45,  e^blted  the  lowest  notch- strength  ratio. 

The  theoretical'  atress  concentration  factor  (Kt)  used  on  these  specimens  was 
approximately  three,  a  relatively  mild  stress  concentration  factor  for 
determining  this' ratio. 
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Core  hardness  Is  a  major  factor  affecting  the  toughness  of  carburized 
parts,  since  It  Is  related  to  alcroatructure  In  this  material  and  also 
because  It  affects  energy  level  per  se.  Several  groups  of  specimens  vere 
heat  treated  to  obtain  high.  Intermediate,  and  lov  core  hardness.  Both 
carburized  and  uncarburized  specimens  vere  evaluated  at  the  high  and  Inter¬ 
mediate  hardness,  and  only  carburised  specimens  vere  evaluated  at  the  lovest 
hardness.  The  core  hardness  vas  /arled  by  changing  the  cooling  rate  from  the 
austenitizing  temperature,  idiereas  all  other  procedures.  Including  austeni¬ 
tizing  and  tempering  treatments,  vere  held  constant. 

The  Ispact  transition  curves  of  these  grotq>s  of  qpeclmens  are  plotted 
in  Figure  vlth  the  associated  hardziess  and  metallurgical  characteristics 
presented  In  Table  IV.  Althou^  the  transition  tenperature  can  be  defined 
In  a  nuuher  of  vays.  It  vas  decided  to  select  for  listing  In  Table  II,  the 
temperatures  at  vhlch  10  and  30  percent  fibrous  fractures  occur.  These 
criteria  represent  the  minimum  teaperature  at  tdilch  some  energy  Is  absorbed 
and  the  condition  at  vhlch  cracking  would  not  be  e3g;>eeted  to  progress  vlth- 
out  an  additional  applied  load,  respectively.  It  can  be  observed  that  car¬ 
burization  raises  the  transition  teuperature  and  lovers  the  energy  level  at 
a  given  core  hardness. 

At  a  core  hardness  of  Rockvell  C  ^5-^7  (Table  II),  the  energy  of  the 
carburized  steel  Is  extremely  lov  even  at  room  teaperature.  At  the  lover 
hardness  levels  (Bockvell  C  31  and  hO),  the  transition  teaperature  Is  con¬ 
siderably  lover.  The  lovest  teaperature  at  idilch  soaie  toughness  is  observ¬ 
able,  at  both  these  latter  hardness  levels.  Is  -hF.  It  Is  esq^ected  that 
highly  stressed  cooponents,  possessing  shaxp  notches  or  cracks,  would  be 
very  susceptible  to  brittle  fracture  at  temperatures  at  least  as  hlg^  as 
-4f  In  this  material. 

Another  method  of  reducing  the  hardness  of  the  core  is  by  raising  the 
teaperlng  teaperature.  Unfortunately,  this  type  of  treataient  also  lovers 
the  case  hardness.  (hx>ups  of  qi>eelaMns  In  the  carburized  and  uncarburlzed 
condition  vere  warm  water  quenched  (to  obtain  maximum  as-pienched  core 
hardness)  and  teapered  at  teaperatures  vp  to  lOOOF  to  assess  these  treat¬ 
ments  on  toughness.*  The  results  of  impact  tests  at  -40F  are  shown  in  Table 
VI.  There  is  a  significant  drqp  In  toughness  In  the  tempering  teaperature 
range  of  U50F  to  70OF.  This  condition,  which  Is  observed  In  moat  steels 
when  Biartenslte  la  tempered  In  this  range,  la  generAlv  called  *^100  brittle¬ 
ness"  and  should  be  avoided  In  the  beat  treating  of  Nik  rifle  coaponents. 

The  core  hardness  readings  Indicate  that  a  manufacturer  quenching  his  com* 
ponents  to  martensite  (Rockvell  C  k3  to  U7)  mlffiit  consider  teaperlng  In  this 
embrittling  range  to  meet  specified  core  hardness  requirements.  Consequently, 
a  maximum  teaperlng  teaperature  of  k30F  should  be  specified  to  prevent  this 
eabrlttleaient  since  an  Impact  test  Is  not  currently  required  for  controlling 
the  processing  of  these  carburised  coaponents. 

If  a  teaperlng  tenmrature  above  700F  Is  eaployed,  the  case  hardness 
Is  lowered  to  about  k5-47  Rockwell  C,  which  Is  considered  to  be  too  soft 
for  the  wear  resistance  required  for  the  coaponents. 
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Xhese  results  Indicate  the  desirability  of  Investigating  the  use  of 
other  steels  having  a  uModmum  "as- quenched"  core  hardness  of  Rockvell  C 

and  sufficient  hardenahlllty  to  provide  a  martensitic  structure*  This  vould 
permit  the  components  to  he  quenched  to  martensite  having  a  hardness  of  less 
than  Rockvell  C  k2  after  tendering  at  350  to  k2$F. 

The  second  lagiortant  factor  to  consider  la  the  service  of  bolts  and 
receivers  Is  their  short  cycle  fatigue  life  (10,000  to  20,000  rounds). 

After  some  consideration,  it  vas  decided  to  concentrate  on  rotating  beam 
type  (B.  R.  Moore)  fatigue  tests  because  of  their  vide  aceqptance  and  the 
availability  of  testing  machines  in  sufficient  nusber  at  Watertown  Arsenal 
so  that  extensive  testing  could  be  accomplished  quickly. 

Both  notched  and  unnotched  rotating  beam  tests  were  conducted  on  qpeel- 
mens  In  the  carburised  and  uncarburised  conditions.  Specimen  sises  and 
notch  configurations  considered  are  presented  In  Figure  4.  The  notched 
and  unnotched  specimens  have  the  same  net  cross  sectional  area  at  mid-qpan, 
and  the  stress  levels  plotted  in  the  subsequent  figures  (5  throu^  8)  were 
computed  by  the  simple  beam  formula.  The  curves  presented  are  the  best  fit 
curves  for  the  data  obtained. 

The  first  series  of  specimens  vas  tested  at  10,000  rpm  speed  and  these 
data  are  presented  In  Figure  $.  Bach  curve  has  been  nuad>ered  vith  its 
mpproprlate  gro(qi>  number  In  this  and  subsequent  figures.  The  matallurgleal 
data  for  all  sets  of  fatigue  speclisens  are  listed  in  Triple  V  vlth  Its  appro¬ 
priate  group  nuaber. 

The  effect  of  carburising  is  clearly  evident  in  Figure  5*  The  earbuxw 
Ised  ease  has  la^roved  the  fatigue  properties  by  a  cooblnatlon  of  residual 
compressive  stresses  and  a  sti-engthenlng  of  the  outside  fibers  vhere  the 
maximum  bending*  stress  occurs.  A  group  of  specimens  polished  in  the  longi¬ 
tudinal  direction  before  carburising  is  also  presented  in  Figure  5  to  damon- 
strate  the  cMgiarlaon  vlth  a  machined  finish.  The  anchialng  or  tool  marks 
are  less  detrimental  to  fatigue  life  at  the  hif^r  stress  levels  (finite 
life  region),  but  this  condition  did  produce  a  marked  effect  upon  the  en¬ 
durance  Halt.  The  slack- quexiched  group  of  specimens  (Oroip  2)  vas  held 
In  air  30  seconds  before  quenching  into  oil,  a  procedure  idileh  produced 
43-50  percent  free  ferrite  In  the  core.  These  soft  ferrite  areas  sppeared 
to  have  a  marked  effect  In  lowering  the  cycles  to  failure  at  the  high  stress 
levels. 

The  effect  of  a  45  degree  notch  vlth  a  notch  radius  of  0.010  and  0.030 
Inch  In  both  the  carbiurised  and  uncarburised  conditions,  tested  at  a  speed 
of  1800  rpm.  Is  presented  in  Figure  6.  The  sharp  carburized  notch  (O.OlO 
Inch  radius)  decreases  the  fatigue  strength  at  a  life  of  10,000  cycles  to 
a  stress  level  equivalent  to  that  of  xwcarbiurized  notched  fatigue  specimens. 
Also  presented  In  this  figure  is  a  curve  obtained  vlth  smooth  specimens  vfaleh 
had  0.002  Inch  rmsoved  from  the  surface  by  using  number  80  grit  paper. 
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polishing  in  the  circumferential  direction.  The  reduction  in  the  fatigue 
properties  is  very  slight  indicating  that  this  amount  of  material  removal, 
when  done  with  care,  is  not  harmful  to  the  fatigue  properties. 

The  effect  of  90  degree  notches  having  radii  of  0.002,  0.010  and  0.030 
Inches,  is  presented  graphically  in  Figure  7.  These  data  indicate  that 
this  variation  in  notch  severity  does  not  influence  the  finite  fatigue 
life  significantly.  It  has  been  well  established3  in  the  literature  that 
notches  do  not  e^^ibit  their  full  effect  in  fatigue.  IHie  fatigue  stress 
concentration  factor  (Kf)  is  less  than  the  theoretical  stress  concentration 
factor  (K^).  But,  as  Indicated  in  Figure  7>  there  is  a  reduction  in  strength 
by  the  introduction  of  a  notch  in  the  finite  portion  and  a  larger  reduction 
in  the  endurance  limit.  Therefore,  the  largest  notch  radius  allowable  should 
be  used. 

The  effects  of  various  metallurgical  conditions  upon  the  fatigue 
characteristics  of  carburized  8620H,  when  tested  at  1800  RFM,  are  presented 
in  Flgui^  6.  The  major  detriment  to  fatigue  was  a  slight  decarburized  layer 
caused  by  air  cooling  from  the  carburizing  teDQ>erature  followed  by  reausten- 
Itizlng  in  neutral  salt  (Group  7  specimens).  Therefore,  this  practice  should 
be  avoided  in  the  manufacture  of  the  rifle  conponents.  Long  carburiz¬ 
ing  tisM  increased  the  fatigue  resistance  slightly  by  increasing  the  carbiu*- 
Ized  d^th. 

In  siople  bending,  the  maximum  tensile  and  conpresslve  stresses  occur 
at  the  outside  fibers.  The  carburized  case  not  only  increases  the  strength 
of  the  case  material,  but  also  creates  a  state  of  residual  coiqpresslon  as  a 
result  of  tesfterature  gradients  and  phase  transformations'^  during  beat 
treatment.  These  residual  con9>re8slve  stresses  shift  the  point  of  maximum 
tensile  stress  in  bending  from  the  surface  to  some  point  below  the  surface. 
Depending  tq;>o|i  the  strength  of  the  case,  the  case  depth,  and  the  residual 
coiqinresslve  stresses  present,  failure  will  Initiate  at  the  point  where  the 
net  stresses  ere  maximum  or  at  the  case-core  Junction  where  a  discontinuity 
of  both  resldudil  stresses  and  microstructure  occurs.  The  presence  of  a 
notch  results  in  a  stress  concentration  at  the  root  which  raises  the  stress 
to  a  level  several  times  greater  than  the  nominal  stress  on  the  outer 
surface  of  a  smooth  specimen.  Therefore,  failure  in  a  notched  fatigue  speci¬ 
men  initiates  at  the  root  surface  of  the  notch. 

T^lcal  carburized  fatigue  specimen  fractures  are  presented  in  Figures 
9  and  10  for  the  smooth  and  notched  specimens,  respectively.  It  should  be 
noted  in  Figure  9  that  the  failure  initiated  at  the  case-core  Junction  for 
the  maooth  specimen  and  in  Figure  10  the  failure  initiated  evenly  at  the 
outside  layer  for  the  notched  specimen. 

RvAHilnetlon 

One  Charpy  intact  specimen  and  one  fatigue  specimen  from  each  group 
were  examined  for  case  depth,  retained  austenite,  core  structure,  and  core 
hardness.  These  data  are  presented  in  Table  V.  The  smooth  R.  R.  Moore 
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fatigue  specimens  generally  had  hl^  core  hardness  and  martensitic  micro¬ 
structure,  but  the  larger  cross  section,  notched  fatigue  specimens  (Fig. 
and  in5)act  specimens  which  cooled  slower  dviring  quenching  have  lower  core  hard¬ 
nesses  and  higher  percentages  of  free  ferrite.  In  an  effort  to  overcome 
the  dlffere.ice  in  core  hardness  and  microstructure,  one  set  of  notched 
fatigue  specimens  was  warm  water  quenched.  This  quenching  severity  was  too 
great,  and  the  specimens  were  so  distorted  that  they  could  not  be  tested, 
inierefore,  a  small  part  of  the  decrease  In  fatigue  properties  of  the  notched 
specimens  Is  attributed  to  lover  core  hardness. 

laical  photomicrograi^s  are  presented  in  Figures  11  and  12.  Ihe 
differences  In  mlcrostrueture  between  the  Charpy  impact  specimens  and  the 
fatigue  specimens  heat  treated  \mder  the  same  conditions  are  due  to  section 
size  and  transformation  rates.  Consequently,  it  Is  necessary  to  compeu^ 
specimens  possessing  the  same  hardness  and  microstructure  rather  than  the 
same  nominal  heat  treatment. 

Surface  Hardneaa  Cornnarlaona 

Rockwell  C,  D,  A  and  axqperficial  scale  V5N,  30N,  15N  and  IKg  lAikon 
readings  were  conducted  on  the  Charpy  Impact  specimens  from  Group  1  throu£^ 

9  and  converted  to  Rockwell  C  readings  for  comparison.  Ihese  data  are 
presented  In  Table  VII.  One  specimen  from  each  group  was  sectioned  so  that 
the  l\ikon  hardness  readings  could  be  taken  0.002  Inch  below  the  surface. 

The  averageBof  these  micro- hardness  readings  were  converted  to  Rockwell  C, 
and  these  data  and  core  hardness  data  are  also  presented  In  Table  VII. 

The  major  difference  between  the  Tukon  and  the  Rockwell  C  readings  appear 
In  Group  5  which  was  carburized  only  one  hour.  But  this  difference  can 
not  be  associated  entirely  with  case  depth  since  large  differences  of  7*6 
and  8.2  points  Rockwell  C  were  also  observed  in  Groups  1  and  9»  respectively. 

The  maximum  differences  between  the  Rockwell  D  and  the  Tukon  hardness  read* 

Ings  were  obtedned  In  Cb:o(q>s  5  nnd  7  which  are  3*1  and  3*7  points  Rockwell  C, 
respectively.  .Group  7  specimens  had  a  sU^t  decarburlzed  layer  due  to  the 
air  cooling  from  the  carburizing  tesperature  plus  austenitizing  In  neutral 
salt,  while  Group  ^  had  a  shallow  case.  The  general  agreeiaent  among  the 
readings  using  all  the  hardness  scales  on  the  uncarburited  specimens  (Groip  3) 
should  be  noted. 

All  groips  of  cirburlzed  qpecimens  exhibited  an  increase  In  hardness 
in  going  from  the  heavy  150Kg  Rockwell  C  to  the  l$Kg-151f  loads.  It  was 
Indicated  by  this  Investigation,  as  well  as  others^  that  reliable  readings 
of  surface  hardness  of  thin  cases  can  only  be  obtained  by  using  "superficial" 
hardness  tests.  Variables  present  such  as  case. depth,  decarburlzatlon,  and  core 
hardness  Influence  the  case  hardness  readings,  but  the  results  of  the  Rock¬ 
well  C  test  alone  do  not  provide  a  reliable  means  for  Identifying  the  cause 
of  the  low  reading. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


1.  Impact  tests  of  KLU  rifle  bolt  material  (AISI  8620H  steel)  de> 
monstrate  that  the  current  requirements  limiting  teinpering  temperature  to 
a  maximum  of  and  core  hardness  to  35-^2  Rockvell  C  are  extremely  im> 
portant  In  order  to  provide  satisfactory  toughness  In  these  carburized  com* 
ponents.  Ihe  upper  limit  on  hardness  as  well  as  the  taiq>erlng  ten^erature 
limit  will  reject  conponents  having  extremely  lov  toughness  at  room  tenperv* 
ature.  Itae  lover  limit  on  hardness  is  required  to  limit  the  presence  of 
nonmartensltlc  mlcrostructvires  which  raise  the  transition  tenperature  for 
brittle  fracture  and  also  to  control  fatigue  which  Is  adversely  affected 
by  low  core  hardness  (low  strength). 

2.  AISI  862QH  steel  has  a  borderline  hardenahlllty  for  the  section 
size  Involved  In  the  bolts  and  receivers  of  the  ML4  rifle.  The  steel  also 
has  a  carbon  content  range  (0.18-0.23  percent)  such  that  an  excessively 
high  con  hardness  can  occur  during  heat  treatment  idien  the  carbon  is  on 
the  high  side  of  the  acceptable  carbon  range.  Consequently,  an  alternate 
alloy  steel  having  hl^^er  hardenahlllty  and  lower  maximum  carbon  content 
should  be  estsbllshed  to  permit  more  latitude  in  heat  treatment  and  better 
uniformity  In  mechanical  properties  of  the  components  (the  large  changes 
In  section  size  of  the  receiver  result  In  excessively  hi^  hardnesses  in 

the  rail  section  and  low  hardnesses  in  the  muzzle  end  of  the  same  cosponent). 

An  Investigation  will  be  required  on  the  change  In  machlnablUty  and  distortion 
which  may  result  from  the  use  of  alternate  steels. 

3*  Fatigue  tests  using  rotating  beam  specimens  provided  qioantitative 
information  on  the  effect  of  the  most  Inportant  variables  Introduced  in 
the  processing  of  ML4  rifle  bolts  and  receivers  made  from  AISI  8620H  steel. 

The  results  support  and  expand  previous  work  on  fatigue  with  regard  to  the 
detrlBMntal  effects  of  sharp  notches,  decarburlzed  surfaces,  quality  of 
machined  finish,  low  core  hardness,  and  nonuniform  mlcrostructurea  (patchy 
ferrite  In  tbstcore). 

k,  A  non-reaulphurlzed  material  should  be  eaployed  for  bolts  and  re¬ 
ceivers  because  segregations  of  nonmetalllc  inclusions  of  the  type  observed 
in  the  current  steal  cause  laminations  which  can  result  In  catastrophic 
failure  In  critically  stressed  areas. 
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TABLE  I 


CraKICAL  ANAL'^SIS  OF  THREE  LOTS 
OF  8620H  STEEL  BAR  STOCK 


TABLE  II 


TABLE  III 


CHARPy  IMPACT  DATA  ON 
CARBURIZED  8620H  STEEL 


TvapMatur* 

("T) 

S(E»GY  ABSORBED  <FT-LB) 

CoorburlMd 

Pr»- 

Crockad 

CorburlMd 

Netohad 
of  tar 

Corburiaad 

S»rlM  A 

♦32 

4.0 

4.0 

9.2 

3.7 

8.6 

•  4 

4.2 

•  •• 

mmm 

•40 

4.2 

... 

... 

Suimm  B 

♦32 

7.5 

6.2 

15.8 

10.3 

16.5 

-  4 

S.O 

•  •• 

•  •• 

-40 

3.7 

... 

... 

SarlM  C 

32 

IS.O 

14.2 

20.5 

15.8 

20.8 

-  4 

12.1 

•  •• 

•  •  • 

'40 

8.7 

••• 

••• 

TABLE  IV 
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Hot*:  1.  Group*  4.  5  oud  6  «*r*  ■oehiiMd  fro*  forged  bolt*  «d  aotebed  p*rp*ndicalar  to  th*  lengitudiaa] 

2.  Cor*  borda***  volu**  a*r*  abtaia*d  oa  ChorOT  iapoet  apaciawa. 

3.  0.3S7**  dioMtor  t«n*il*  apociaao*  «*r*  u**d. 

4.  aotebad  taasil*  apaclaao*  oar*  0.357**  di<a*t*r  taaail*  sp*cia*aa  with  circuafaraBtial  0.79 
0.010*  r«wiius  45**  aotdi**. 


TABLE  V 


METALLURGICAL  PROPERTIES  OF  6620H  MECHANICAL  TEST  SPECIMENS 


H«at 

TrcatMiit 

Caao 

Depth 

(Inchon) 

Free 

For rite 
(X) 

Hiqb 

Tonporaturo 

Bainito 

(X) 

Loo  Carbon 

Tonporod 

Mortonaito 

(X) 

Rotainod 

Auaonlto 

(X) 

Coro 
Hardnoaa 
Roekooll  C 

CHA 

RPY  IMPACT  SPECIMENS 

Carburiu  l>2/3 
hr.  Oil  Quench  . 

Tenper 

— 

0.011 

8 

sT 

8 

32.6 

CorhuriM  1-2/3 
hr,  Hold  30  *00. 

In  air.  Oil  Quoneb 

Tonpor 

0.013 

8 

85 

7 

35.6 

AuatnnitiM 
(Noutrol  Salt)  \£ 
hr.  Oil  Quoneh 

Tonpor 

8 

90 

2 

32.7 

Carhuriao  1-2/3  hr. 
Oil  Quoneh  Tonpar 

0.013 

3 

70 

27 

36.0 

Carhuriao  1  hr. 

Oil  Quoneh  Tonpor 

o.oos 

15 

77 

8 

... 

34.5 

Carhuriao  2k  hra. 

Oil  Quoneh  Tonpor 

0.016 

5 

60 

35 

••• 

36.8 

Carhuriao  1-2/3  hr. 
Air  oool  Auaton- 
itiaa  ISSO  F  k 

Oil  Quoneh  Tonpor 

0.011 

10 

50 

40 

38.6 

Carhuriao  1-2/3  hr. 
•am  Vator  Quoneh, 
To^wr 

0.012 

5 

18 

77 

... 

45  4 

Carhuriao  1-2/3  hr. 
Oil  Quonoh.  No 

Tonpor 

0.011 

CD 

70 

24 

... 

33.7 

R.  R.  MOORE  FATIGUE  SPBCIMEMS 


Carhuriao  1-2/3  hr. 
Oil  Quonoh  Tonpor 

0.015 

0 

18 

82 

2 

43.8 

Carhuriao  1-2/3  hr. 
Hold  30  aoo.  in  air. 
Oil  Quench  Tonpor 

0.013 

45 

•  • 

55 

5 

■ifl 

Auatonitiao 
(Neutral  Salt)  V 
hr.  Oil  ()uonm 

Tonpor 

1 

99 

44.5 

Carhuriao  1-2/3  hr. 
Oil  Quonoh  Tonpor 

0.018 

2 

28 

70 

35 

41.1 

Carhuriao  1  hr. 

Oil  Ownoh  Tonpor 

0.014 

2 

78 

20 

5 

4  . 

Carhuriao  2k  hr. 

Oil  Quonoh  Tonpor 

0.021 

0 

18 

82 

20 

45.2 

Carhuriao  1-2/3  hr. 
Air  oool  Auaton- 
itiao  1550  F  k  hr 

Oil  ()uaaeh  T^mptr 

0.017 

1 

3 

96 

1 

44.8 
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TABLE  V  (Continued) 


METALLURGICAL  PROPERTIES  OF  8620H  M^ECHANICAL  TEST  SPECIMI^NS 


Spaci* 

nan 

Group 

Heat 

Traatnant 

Case 

Dapth 

(Incnea) 

Free 

Ferrite 

(X) 

High 

Tempera¬ 

ture 

Balnite 

(X) 

Low  Carbon 
Tempered 
Martenaita 
(X) 

Retained 

Auatenlte 

(X) 

Core 
Hardnesa 
Rockwell  C 

R.  R.  MOORE  FATIGUE  SPECIMENS  (Cont 

Inuad) 

8 

Carburlaa  1-2/3  hr. 
Warn  Water  Quench. 
Tanper 

0.018 

0 

1 

99 

10 

46.4 

Pbllahad 

ISOORPH 

Taat  Spaad 

9 

Carburlaa  1-2/3  hr. 
Oil  Quench.  No 

Tanper 

0.019 

2 

92 

6 

0 

44.4 

10 

Carburlaa  1-2/3  hr. 
Oil  (^anch  Tanper 

0.018 

1 

IS 

84 

1 

43.6 

Pellahad 

lO.OOORPM 

11 

Carburlaa  1-2/3  hr. 
Oil  Quanch  Tanper 

0.014 

3 

20 

77 

2 

43.1 

45**  Notch 
0.010-  Rod. 
Uncarburiia 

12 

Auatanitlaa 
(Neutral  Salt) 
k  hr  Oil  Quanch 

Tanper 

2 

18 

80 

— 

41.7 

45**  Notch 
0.030-  Rod, 
Ubcorburlaa 

13 

Auatanitlaa 
(Neutral  Salt) 
k  hr.  Oil  Quanch 

Tanper 

12 

12 

76 

- 

42.8 

4S**  Notch 
0.016*  Rod. 
Oarburlaa 

14 

(Carburlaa  1-2/3  hr. 
Oil  (>taneh  Tanper 

0.014 

IS 

SO 

35 

1 

36.5 

45*  Notch 
0.030*  Rod. 
Oarburlaa 

IS 

Carburlaa  1-2/3  hr. 
Oil  (^anch  Tanper 

0.011 

15 

40 

45 

0 

36.3 

90*  Notch 
0.030*  Rad. 

16 

Carburlaa  1-2/3  hr. 
Oil  Quanch  Tanper 

0.012 

18 

15 

67 

1 

36.7 

90*  Notch 
0.010*  Rod. 

17 

Carburlaa  1-2/3  hr. 
Oil  Quench  Tanpar 

0.017 

15 

60 

25 

2 

32.5 

45*  Notch 
0.002*  Rod. 

18 

Carburlaa  1-2/3  hr. 
Oil  Quanch  Tanper 

0.015 

8 

67 

25 

5 

33.9 

90*  Notch 
0.002*  Rod. 

19 

Carburlaa  1-2/3  hr. 
Oil  ()uanch  Tanpar 

0.015 

8 

70 

25 

5 

31.8 

Paliahad 
0.002* 
Ra'botad  on 
Rod. 

20 

Carburlaa  1-2/3  hr. 
Oil  Quanch  Tanpar 

— - 

0.014 

2 

13 

85 

3 

44.8 

NotM:  1.  All  •pMlMns  carburiMd  or  oustonitiiod  at  1560  F. 


2.  All  tooporlnq  aaa  porforaod  at  375  F  for  on*  hour. 


3.  Pwrcont  rotainod  ouatonito  woa  not  dotorninod  on  Charpy  Inpoct  npoelMns  in  Croupa  1  to  9. 

4.  Caaa  dapth  »aa  daterninad  by  Tukon  hardnaaa  aurvaya  on  Groupa  1  to  9. 
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TABLE  VI 


TEMPERING  CHARACTERISTICS 


OF  8620H  STEEL 


Taoparlag 

Taapyratura 

Unoorburlaad 

Carburliad 

Qiarov 

Abaorbad 

(ft-lb) 

FVootura 

flO 

Fibroua 

Cora 
Hordaaaa 
Reekaall  C 

Ehargr 

Abaorbad 

(ft-lb) 

Fraotura 

Fibrous 

Hordaaaa 
Hoekaall  C 
Cora  Coaa 

Aa-quaneh 

mam 

47.0 

2.5 

■Uniil 

46.8 

64.6 

800 

47.4 

2.5 

45.6 

64.4 

300 

47.0 

3.4 

45.6 

61.7 

400 

18.8 

4S.B 

3.4 

45.9 

56.6 

SOO 

43.7 

1.8 

42.6 

55.6 

600 

42.0 

1.8 

41.0 

53.4 

700 

40.7 

2.3 

41.8 

50.6 

•00 

31.4 

38.2 

9.7 

38.8 

46.7 

900 

47.8 

33.8 

30.2 

34.6 

43.9 

1000 

67.9 

100 

30.4 

37.7 

100 

30.6 

39.7 

NotM;  1.  All  apaelama  cfuanehad  froa  1580  late  aon  aatar;  ISTM,  12  HTB,  3FF  eorbnrliad; 
IwolN.  unearburlaad. 

2>  All  apaeiaana  taatad  at  *40  F 


TABLE  VII 


HARDNESS  SURVEYS  ON  8620H 
CARBURIZED  CHARPY  IMPACT  SPECIMENS 


Coro 

15%G 

Coaa 

S^laaB 

Creap 

Haat 

T^aotaaat 

15^ 

4SN-Rc 

45KC 

3ON-II0 

SOKG 

ISN-llo 

15KG 

IVikeB-Re 

IXC 

1 

Carborloa  1560  F 
1-2/3  br.  Oil 

32.6 

51.7 

56.5 

61.5 

62.3 

68.7 

61.9 

59.3 

2 

Carbarlaa'l560  F 
1-2/3  br.  hold 
ia  air  30  aaooada 
Oil  (laa^ 

Toopor  375  F  1  hr 

35.6 

53.3 

56.8 

61.2 

62.3 

61.7 

62.4 

57.3 

3 

AHataaltlaa  V  hr 
Oil  quaaok 

Toopor  275  F  1  hr 

32.7 

35.7 

36.6 

39.3 

36.6 

37.1 

37.0 

34.0 

4 

Carburiao  1560  F 
1-2/3  hr.  Oil 
(koaeh.  Taopar 

375  F  1  hr 

36.0 

53.9 

56.2 

61.4 

61.8 

62.1 

62.8 

56.0 

5 

Carburiao  1580  F 

1  hr.  Oil  (temh. 
Toopor  375  FI  hr 

34.5 

45.5 

51.2 

56.3 

56.7 

59.5 

60.5 

54.3 

6 

Carburiao  1560  F 
2-H  hr.  Oil 

QiMch.  Toopor 

375  F  1  hr _ 

36.8 

L . - 

57.3 

60.1 

61.2 

60.7 

60.7 

62.1 

59.3 

(Continued) 


-17- 


TABLE  VII  (Continued) 
HARDNESS  SURVEYS  ON  062OH 


CARBURIZED  CHARPY  IMPACT  SPECIMENS 


Cora 

iSb 

Caaa 

Spoeiaaa 

Group 

Hoot 

Traotaaat 

lo’ib 

HiiSr 

4SN-Ae 

45X0 

SON-Ro 

30KC 

15N-IV, 

13KG 

Tkkau-lte 

IBG 

7 

Carkurlao  1S80  F 
1-2/3  kr 

Air  Cool 

Auataatlaa  ISSO  F 
k  kr  •  Oil  ^aaek 
Taopar  375  F  1  hr 

38.6 

55.8 

57.3 

57.9 

55.7 

57.8 

55.3 

54.0 

0 

Carburlaa  1580  F 
1-3/3  hr 

•ora  Oatar  Quaaok 
Taopar  375  f  1  hr 

45.4 

55.2 

58.1 

60.6 

61.3 

61.3 

62.0 

58.0 

9 

Carburiia  1580  F 
1-2/3  hr 

Oil  QBaaoh 

No  Taopar 

33.7 

_ 1 

55.3 

62.6 

65.8 

66.0 

55.3 

68.3 

63.5 

NotM;  1.  Th*  dbo*«  hardaMa  aurvays  ora  all  Rookaall  C  raodlaga  oeavartad  fraa  tka  ladloatad 
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FIGURE  M 
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FIGURE  9 
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